Silica-Supported Organolanthanum Catalysts for C–O Bond Cleavage in Epoxides by Wang, Zhuoran et al.
 S-1  
 Supporting Information 
 
Silica-supported Organolanthanum Catalysts for C–O Bond Cleavage in 
Epoxides 
 
Zhuoran Wang, Smita Patnaik, Naresh Eedugurala, J. Sebastián Manzano, Igor I. Slowing, 
Takeshi Kobayashi, Aaron D. Sadow* and Marek Pruski* 
 
Ames Laboratory, U.S. Department of Energy, Ames, Iowa 50011, United States 
Department of Chemistry, Iowa State University, Ames, Iowa 50011, United States 
 
 
Table of Contents 
General Experimental Section   S-1 
Catalyst Preparation and Characterization  S-2 
Epoxide catalytic hydroboration   S-14 
Products of catalytic epoxide hydroboration  S-15 
Procedure for Recycling Experiments  S-29 
References      S-30 
 
General Experimental Section 
All manipulations were performed under a dry argon atmosphere using standard Schlenk 
techniques or under a nitrogen atmosphere in a glovebox unless otherwise indicated. Water and 
oxygen were removed from benzene and pentane solvents using an IT PureSolv system. Benzene-
d6 and THF-d8 were heated to reflux over Na/K, vacuum-transferred, and stored in a glovebox in 
a Teflon-valve-sealed flask. La{C(SiHMe2)3}3 was prepared following literature procedures.1 
Pluronic P104 was generously provided by BASF. Tetramethyl orthosilicate (TMOS) was 
purchased from Sigma Aldrich. All esters, epoxides, and pinacolborane were purchased from 
Sigma Aldrich and were degassed by three freeze-pump-thaw cycles prior to use. Products of 
catalytic hydroboration were assigned based on comparison with authentic samples and/or 
literature values. 
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1H, 2H, 11B, 13C{1H}, and 29Si{1H} HMBC solution-state NMR spectra were collected on 
a Bruker DRX-400 spectrometer, a Bruker Avance III-600 spectrometer, or an Agilent MR 400 
spectrometer. 11B NMR spectra were referenced to an external sample of BF3.Et2O. Infrared 
spectra were measured on a Bruker Vertex 80. Elemental analyses were performed using a Perkin-
Elmer 2400 Series II CHN/S.  
XRD patterns of MSNs were recorded on a Bruker X-ray diffractometer using Cu Kα 
radiation (40 kV, 44 mA) over the range of 1–10 2θ degrees. Nitrogen sorption isotherms were 
measured at –196 °C using a Micromeritics ASAP 3000 analyzer. The Brunauer-Emmett-Tell 
(BET) model was used to calculate the specific surface area. The pore volume and pore size 
distribution were calculated by the Barrett-Joyner-Halenda (BJH) method. Sample pretreatment 
for textural properties measurements was done by flowing N2 for 6 h at 100 °C. 
Material imaging and elemental mapping were performed in a FEI Titan Themis Cubed 
aberration corrected transmission electron microscope at 200 kV in scanning mode (STEM) and 
using energy dispersive X-ray spectroscopy (EDS). Samples were prepared by dispersion in 
pentane and deposition onto lacey-carbon coated copper grids. 
Fourier transform infrared (FTIR) spectra were recorded within the 4000−400 cm−1 
wavenumber range using a Bruker VERTEX 80 IR spectrometer. Samples were diluted with KBr 
and made into pellets for analysis in transmission mode. DRIFTS spectra were collected using a 
Harrick “Praying Mantis” accessory. Samples were prepared in the glovebox under N2 and sealed 
before measurements.  
 
Catalyst Preparation and Characterization 
Preparation of SBA-15-type MSN. In a typical synthesis,2 the triblock copolymer (Pluronic 
P104; 7.0 g) was dissolved in a mixture of 4 M HCl aqueous solution (109.0 g) and deionized 
water (164.0 g, 17.4 MΩ) at 52 °C. Tetramethyl orthosilicate (TMOS; 10.6 g) was quickly added 
into the solution, and the mixture was continuously stirred at 500 rpm for 24 h. The reaction 
mixture was then transferred into a Teflon-lined high-pressure autoclave for further hydrothermal 
treatment at 150 °C for 24 h. The resulting white solid (SBA-15-type MSN product) was isolated 
by filtration, washed with copious amounts of water and ethanol, and air-dried at 80 °C. Finally, 
the removal of the Pluronic P104 surfactant was accomplished by calcination at 550 °C for 6 h. 
The resulting MSNs had hexagonal patterns of short pores, a surface area of 441 m2/g, a pore 
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volume of 0.96 cm3/g, and an average pore size of 9.1 nm. The materials were subsequently heated 
at 550 °C or 700 °C under vacuum for 12 h to yield MSN550 and MSN700. The concentrations of 
silanol groups were measured by the concentration of toluene produced in a reaction of the MSNs 
with Mg(CH2Ph)2 (O2C4H8)2 at ambient temperature for 20 h, resulting in 0.75 mmol/g for MSN550 
and 0.62 mmol/g for MSN700.3 
 
Figure S1. Textural properties of (a) MSN550 and (b) MSN700:  nitrogen sorption isotherms (left), 
pore width distribution plots (middle) and PXRD patterns (right). 
 
Table S1. Summary of textural properties of MSN550 and MSN700. The small differences between 
the two samples are consistent with contraction of the silica matrix due to additional silanol 












MSN550 441 9.1 1.0 0.02 108 
MSN700 409 9.1 1.1 0.005 105 
1 Calculated from t-plot 
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Figure S2. (a) TEM image of MSN700 material. (b) Zoomed-in TEM image of a single 
representative MSN700 nanoparticle.  
 
La{C(SiHMe2)3}n@MSN550 (1@ MSN550). A pentane solution of La{C(SiHMe2)3}3 (1, 0.250 g, 
0.353 mmol, 10 mL) was added to MSN550 (0.390 g, 0.293 mmol of SiOH). The reaction mixture 
was stirred at room temperature for 20 h. The mixture was centrifuged, and then the supernatant 
was decanted. The material 1@ MSN550 was washed with pentane (3 × 5 mL) to remove 
physisorbed 1 and HC(SiHMe2)3. The solid was dried under reduced pressure (10–4 mbar, room 
temperature, 12 h) yielding a pale-yellow material (0.410 g). DRIFTS (cm–1): 2958 (m) 2903 (m) 
2108 (s, νSiH) 1859 (m, νSiH). Elemental analysis: wt % C, 9.11; wt % H, 1.61; ICP-OES: 0.353 
mmol La/g. 
La{C(SiHMe2)3}n@MSN700 (1@ MSN700). A pentane solution of 1 (0.250 g, 0.353 mmol, 10 mL) 
was added to MSN700 (0.454 g, 0.281 mmol of SiOH), following the procedure described above 
for 1@MSN550. The solid was dried under reduced pressure (10–4 mbar, room temperature, 12 h) 
yielding a pale-yellow material (0.510 g) that was characterized by elemental analysis, IR 
spectroscopy, and solid-state NMR spectroscopy. DRIFTS (cm–1): 2959 (m) 2903 (m) 2108 (s, 
νSiH) 1865 (br, νSiH). Elemental analysis: wt % C, 6.79; wt % H, 0.93; ICP-OES: 0.269 mmol La/g. 
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Figure S3. (a) STEM image of 1@MSN700 and the corresponding elemental maps of (b) Si, (c) La 
and (d) Si + La, obtained from EDX spectroscopy. (e) represents the EDX spectrum of the same 
sample. 
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Figure S4. DRIFTS spectra of MSN550, 1@MSN550, MSN700, and 1@MSN700. The signals from 
νSi–O dominate <1700 cm–1, and the displayed region is the only part of the spectra that reveals a 
change upon grafting. 
 
Measurement of grafting stoichiometry for 1@MSN550. A benzene-d6 solution of 1 (18.2 mM, 
0.9 mL, 0.0164 mmol) containing tetrakis(trimethylsilyl)silane (10.0 mM) as an internal standard 
was allowed to react with MSN550 (0.020 g) in a resealable J. Young-style NMR tube. After 20 h 
at room temperature on a vortex mixer, the concentration of 1 was 10 mM (0.0095 mmol), as 
determined by integration of 1H NMR signals assigned to Si(SiMe3)4 and La{C(SiHMe2)3}3. The 
concentration of HC(SiHMe2)3 produced during the grafting reaction was 12.2 mM (0.011 mmol), 
which was also determined by integration of 1H NMR signal. The amount of 1 grafted onto the 
MSN550, as determined by the difference in concentration of 1 before and after grafting, was 8.2 
mM (0.0069 mmol). This approach explicitly assumes that 1 does not significantly physisorb onto 
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the surface. Normalization to 1 g of MSN550 corresponds to an estimated loading of 0.35 mmol La 
per gram of MSN550. Normalization of the amount of HC(SiHMe2)3}3 (0.55 mmol/g MSN550) 
evolved, and the ratio of La surface loading to HC(SiHMe2)3 produced is 1.6, suggesting an 
approximate 1:1 ratio of monopodal ≡SiO–La{C(SiHMe2)3}2 and dipodal (≡SiO)2LaC(SiHMe2)3 
(see Table 1). 
1@MSN550 hydrolysis. Reaction of 1@MSN550 with excess (3 equiv.) isopropanol in benzene-d6 
containing a known concentration of tetrakis(trimethylsilyl)silane (0.01 M) immediately produced 
HC(SiHMe2)3. 1 g of 1@MSN released 0.55 mmol of HC(SiHMe2)3. 
Measurement of grafting stoichiometry for 1@MSN700. A benzene-d6 solution of 1 (17.3 mM, 
0.9 mL, 0.0156 mmol) containing tetrakis(trimethylsilyl)silane (10.0 mM) as an internal standard 
was allowed to react with MSN700 (0.021 g) in a resealable J. Young-style NMR tube. After 20 h 
at room temperature on a vortex mixer, the concentration of 1 was 10.5 mM (0.01 mmol), as 
determined by integration of 1H NMR signals assigned to La{C(SiHMe2)3}3 and Si(SiMe3)4. The 
concentration of HC(SiHMe2)3 produced during the grafting reaction was 5.583 mM (0.005 
mmol), which has been also determined by integration of 1H NMR signals. The amount of 1 grafted 
onto the MSN700, as determined by the difference in concentration of 1 before and after grafting, 
was 5.1 mM (0.0051 mmol). This approach explicitly assumes that 1 does not physisorb onto the 
surface in significant quantities. Normalization to 1 g of MSN700 corresponds to an estimated 
loading of 0.25 mmol La per gram of MSN700. The amount of HC(SiHMe2)3}3 (0.27 mmol/g 
MSN700) evolved was also normalized to 1 g MSN700. The ratio of HC(SiHMe2)3 produced to La 
surface loading is ~1, suggesting a monopodal (≡SiO)La{C(SiHMe2)3}2 (see Table 1). 
1@MSN700 hydrolysis. Reaction of 1@MSN700 with excess (3 equiv.) isopropanol in benzene-d6 
containing known concentration of tetrakis(trimethylsilyl)silane (0.01 M) immediately produced 
HC(SiHMe2)3. 1 g of 1@MSN700 released 0.48 mmol of HC(SiHMe2)3. 
(Me2HSi)3C–Bpin. Pinacolborane (0.027 g, 0.218 mmol, 31.7 µL) was added to a benzene 
solution of KC(SiHMe2)3 (0.050 g, 0.218 mmol) at room temperature. The reaction was stirred for 
12 h. The mixture was filtered, and the filtrate was evaporated under reduced pressure to yield oily 
compound (0.041 g, 0.130 mmol, 60 % yield). 1H NMR (600 MHz, benzene-d6): δ 0.41 (d, 3JHH = 
3.7 Hz, 18 H, pinBC(SiHMe2)3, 1.00 (s, 12 H, BOCMe2), 4.51 (sep, 1JSiH =189.75 Hz, 3 H, 
SiHMe2). 13C{1H} NMR (150 MHz, benzene-d6): δ –1.43 (SiHMe2), 24.63 (BOCMe2), 82.45 
(BOCMe2). 11B NMR (192 MHz, benzene-d6): δ 32.30.  
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Table S2. The experimental parameters used in SSNMR experiments. 
Spectrum Experiment Experimental parametersa 
Table 1 29Si DPMAS (spin counting) B0 = 9.4 T, νR = 8 kHz, νRF(29Si) = 50 kHz for 
the 90˚ pulse, νRF(1H) = 40 kHz for SPINAL-
64 heteronuclear decoupling, τRD = 60 s, ns = 
1600, AT = 26.7 h. 
Figures 2B 
and 2C 
13C{1H} CPMAS  B0 = 9.4 T, νR = 8 kHz, νRF(1H) = 40 kHz for 
the 90˚ and CP contact pulses, νRF(13C) = 50 
kHz for CP contact pulse, τCP = 2 ms, νRF(1H) 
= 40 kHz for SPINAL-64 heteronuclear 
decoupling, τRD = 2.7 s, ns = 4096, AT = 3.1 
h. 
Figures 2D, 
2E and S7 
1H{29Si} idHETCOR B0 = 9.4 T, νR = 18 kHz, νRF(1H) = 83.3 kHz 
for the 90˚ and CP contact pulses (tangent), 
νRF(29Si) = 62.5 kHz for the 90˚ and CP 
contact pulses, νRF(1H) = 18 kHz for 
HORROR, τCP = 4 ms for both forward and 
backward contact times, νRF(1H) = 83.3 kHz 
for SPINAL-64 heteronuclear decoupling, 
νRF(29Si) = 62.5 kHz for SPINAL-64 
heteronuclear decoupling, τRD = 2.8 s, ns = 
128, sw1 = 18 kHz, np1 = 128, AT = 25.5 h 
(States-TPPI for quadrature detection). 
Figure S8 13C{1H} CPMAS B0 = 14.1 T, νR = 25 kHz, νRF(1H) = 100 kHz 
for the 90˚ pulse, νRF(1H) = 66.7 kHz for CP 
contact pulses, νRF(13C) = 89.8 kHz for CP 
contact pulse, τCP = 3 ms, νRF(1H) = 100 kHz 
for SPINAL-64 heteronuclear decoupling, τRD 
= 1.2 s, ns = 61440, AT = 20.6 h. 
Figures 3 and 
S9 
29Si{1H} CPMAS B0 = 9.4 T, νR = 18 kHz, νRF(1H) = 83.3 kHz 
for the 90˚ and CP contact pulses, νRF(29Si) = 
62.5 kHz for CP contact pulse, τCP = 4 ms, 
νRF(1H) = 83.3 kHz for SPINAL-64 
heteronuclear decoupling, τRD = 2.8 s, ns = 
8192, AT = 6.4 h. 
Figure 4 1JSiH - δ (29Si) separation  B0 = 14.1 T, νR = 15 kHz, νRF(1H) = 83.3 kHz 
for the 90˚ pulse, νRF(29Si) = 62.5 kHz for the 
CP contact pulse, νRF(1H) = 78.1 kHz for the 
CP contact pulse, νRF(1H) = νRF(29Si) = 62.5 
kHz for the 180˚ pulses, τCP = 4 ms, νRF(1H) = 
83.3 kHz for both PMLG homonuclear 
decoupling and SPINAL-64 heteronuclear 
decoupling, τRD = 3.3 s, ns = 512, sw1 = 1.5 
kHz, np1 = 64, AT = 30 h. 
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Figures 5C, 
5F, 5G and 
S10 
11B DPMAS B0 = 14.1 T, νR = 36 kHz, νRF(11B) = 10 kHz 
for the selective pulse, νRF(1H) = 9 kHz for 
SPINAL-64 heteronuclear decoupling, τRD = 
1 s, ns = 8192, sw = 36 kHz, AT = 2.3 h. 
Figures 5A 
and S11 
11B MQMAS B0 = 14.1 T, νR = 36 kHz, νRF(11B) = 125 kHz 
for the excitation and conversion pulses, 
νRF(11B) = 10 kHz for the z-filter selective 
pulse, νRF(1H) = 9 kHz for SPINAL-64 
heteronuclear decoupling, τRD = 1 s, ns = 
2400, sw = sw1 = 36 kHz, np1 = 32, AT = 
42.7 h (States method for quadrature 
detection). 
Figure 5B 1H{11B} HETCOR B0 = 14.1 T, νR = 36 kHz, νRF(11B) = 10 kHz 
for the selective 90˚ pulse, νRF(11B) = 5 kHz 
for the CP contact pulse, νRF(1H) = 28 kHz for 
the CP contact pulse, τCP = 0.2 ms, νRF(1H) = 
9 kHz for SPINAL-64 heteronuclear 
decoupling, τRD = 1 s, ns = 1024, sw = sw1 = 
18 kHz, np1 = 64, AT = 36.4 h (States-TPPI 
method for quadrature detection). 
a The experimental parameters are labeled by the following symbols: B0 denotes the external 
magnetic field; νR denotes the MAS rate; νRF(X) denotes the RF irradiation strength at the 
frequency of X nuclei; τCP denotes the CP contact time; τRD denotes the recycle delay; ns denotes 
the number of scans; sw and sw1 denote the spectral widths in the direct and indirect dimensions, 
respectively; np1 denotes the number of points acquired in the indirect dimension; and AT 
denotes the total acquisition time. 
 
Theoretical Calculations. The density functional theory (DFT) calculations of chemical shift 
tensors used the NWChem program package.4 The computations were performed for cluster 
models shown in Figures S5 and S6, as well as tetramethoxysilane (TMS) for references of the 
shielding tensors. Geometry optimization of the models, and NMR calculations used the B3LYP 
hybrid density functional and 6-31G(d,p) basis sets for all elements. The calculated chemical 
shielding tensors were transformed to chemical shifts as 𝛿𝛿iso = 𝜎𝜎isoref − 𝜎𝜎iso
sample, where is the 
isotropic shielding tensors of the TMS were used for  𝜎𝜎isoref. 
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Figure S5. The cluster model of surface bound (-O)C(SiHMe2)3 group. The chemical shift 
values resulting from DFT calculation are indicated in the figure. 
 
 
Figure S6. The cluster model of surface bound (-O)2C(SiHMe2)2 group. The chemical shift values 
resulting from DFT calculations are indicated in the figure. Note that increasing the number of 
atoms included in the support structure influences the outcome of the calculation and provides 
better agreement with the experiment.  
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Scheme S1. The proposed Si-H/SiOH dehydrocoupled species responsible for the 13C NMR 
resonance at 30 ppm, marked as C2′.  
 
Scheme S2. The possible reaction pathways for the formations of Si2 and Si3. 
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Figure S8. 13C{1H} CPMAS spectrum of 1@MSN550+HBpin. 
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Figure S9. 29Si CPMAS spectra of (A) 1@MSN550 and (B) 1@MSN700. 
 
 
Figure S10. 11B DPMAS spectra of 1@MSN550+HBpin and 1@MSN700+HBpin.  
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Figure S11. 11B MQMAS spectrum of 1@MSN700+HBpin.  
 
 




Epoxide catalytic hydroboration. 
Micromolar scale epoxide hydroboration 
Styrene oxide (0.010 g, 0.083 mmol) was dissolved in benzene-d6 containing 
tetrakis(trimethylsilyl)silane (0.01 M) as an internal standard. This solution was added to 1@MSN 
(0.004 mmol La). The mixture was transferred to a resealable Teflon-valved NMR tube. HBpin 
(0.018 mL, 0.125 mmol) was added to initiate the hydroboration reaction, and the initial 
concentrations of styrene oxide and pinacolborane were determined by integration of 1H NMR 
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spectra. The reaction mixture was agitated on a vortex mixer at room temperature. The progress 
of the reaction was monitored using 1H NMR spectroscopy, by acquiring spectra every few hours 
and observing the appearance of the methylene peak of the product and disappearance of the 
epoxide. The concentrations of these species were determined by integration relative to the 
Si(SiMe3)4 standard.  
 
Millimolar scale epoxide hydroboration. 
A solution of epoxide (2 mmol), dissolved in benzene (15 mL), was added to 1@MSN (0.1 mmol) 
to create a suspension. HBpin (2.6 mmol) was added to the mixture, which was stirred at room 
temperature until the epoxide was fully converted into the product, as projected by reactions 
performed on micromolar scale in benzene-d6 described above. The mixture was filtered, and the 
solid was further extracted with pentane. The resulting liquid was treated with aq. NaOH (1 M) 
solution to hydrolyze the borate ester ROBpin product into the corresponding alcohol. The 
hydrolyzed compound was extracted with ethyl acetate and then purified by either column 
chromatography or distillation. Isolated yields were determined, and products were characterized 
by 1H and 13C{1H} NMR spectroscopy and compared to literature values or spectra of authentic 
samples.  
 
Products of catalytic epoxide hydroboration 
2-phenylethan-1-ol. Styrene oxide (0.240 g, 2 mmol) and HBpin (2.5 mmol) were allowed to 
react in the presence of 1@MSN550. The 2-phenylethan-1-ol product was isolated by distillation 
in excellent yield (0.24 g, 1.96 mmol, 98%). 
 
1H NMR (600 MHz, CDCl3): δ 1.74 (br, 1 H, C6H5CH2CH2OH), 2.87 (t, 3JHH = 6.5 Hz, 2 H, 
C6H5CH2CH2OH), 3.85 (t, 3JHH = 6.5 Hz, 2 H, C6H5CH2CH2OH), 7.23-7.34 (m, 5 H, C6H5). 
13C{1H} NMR (150 MHz, CDCl3): δ 39.22 (C6H5CH2CH2OH), 63.68 (C6H5CH2CH2OH), 126.49 
(C6H5CH2CH2OH), 128.60 (C6H5CH2CH2OH), 129.06 (C6H5CH2CH2OH), 138.55 
(C6H5CH2CH2OH).  
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Figure S12. Solution-state 1H NMR spectrum of 2-phenylethan-1-ol in chloroform-d, isolated 
from hydroboration of 2-phenyloxirane catalyzed by 1@MSN550. 
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Figure S13. Solution-state 13C{1H} NMR spectrum of 2-phenylethan-1-ol in chloroform-d, 
isolated from hydroboration of 2-phenyloxirane catalyzed by 1@MSN550. 
 
Cyclohexanol. Cyclohexene oxide (0.196 g, 2 mmol) and HBpin (2.5 mmol) were allowed to 
react, catalyzed by 1@MSN550, at room temperature for 1 d. Cyclohexanol was isolated by 
evaporating the solvent under reduced pressure in excellent yield (0,19 g, 1.8 mmol, 95%).5 
 
1H NMR (600 MHz, CDCl3): δ 1.16 (m, 1 H), 1.26 (m, 4 H), 1.48-1.53 (m, 2 H), 1.72 (m, 2 H) 
1.88 (m, 2 H), 3.60 (br, 1 H). 13C{1H} NMR (150 MHz, CDCl3): δ 24.14 (CH2CH2CH2CHOH), 
25.47 (CH2CH2CH2CHOH), 35.56 (CH2CH2CH2CHOH), 70.35 (CH2CH2CH2CHOH). 
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Figure S14. Solution-state 1H NMR spectrum of cyclohexanol in chloroform-d, isolated from 
hydroboration of cyclohexene oxide catalyzed by 1@MSN550. 
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Figure S15. Solution-state 13C{1H} NMR spectrum of cyclohexanol in chloroform-d, isolated 
from hydroboration of cyclohexene oxide catalyzed by 1@MSN550. 
 
Cyclopentanol. Cyclopentene oxide (0.168 g, 2 mmol) and HBpin (2.5 mmol) were allowed to 
react, catalyzed by 1@MSN550, at room temperature for 1 d. Cyclopentanol was isolated by 
evaporating the solvent under reduced pressure in excellent yield (0,15 g, 1.8 mmol, 90%).5 
 
1H NMR (600 MHz, CDCl3): δ 1.53 (m, 4 H), 1.73 (m, 4 H), 2.00 (m, 1 H, OH), 4.28 (m, 1 H, 
CHOH). 13C{1H} NMR (150 MHz, CDCl3): δ 23.27 (CHOH), 35.49 (CH2CHOH), 73.91 
(CH2CH2CHOH). 
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Figure S16. Solution-state 1H NMR spectrum of cyclopentanol in chloroform-d, isolated from 
hydroboration of cyclopentene oxide catalyzed by 1@MSN550. 
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Figure S17. Solution-state 13C{1H} NMR spectrum of cyclopentanol in chloroform-d, isolated 
from hydroboration of cyclopentene oxide catalyzed by 1@MSN550. 
 
2-(4-bromophenyl)ethan-1-ol. 4-Bromostyrene oxide (0.398 g, 2 mmol) and HBpin (2.5 mmol) 
were allowed to react, catalyzed by 1@MSN700, at room temperature for 1 d. 2-(4-
bromophenyl)ethan-1-ol was isolated by column chromatography in excellent yield (0.361 g, 1.8 
mmol, 90%).5 
 
1H NMR (600 MHz, CDCl3): δ 1.41 (br, 1 H, BrC6H4CH2CH2OH), 2.82 (t, 3JHH = 6.5 Hz, 2 H, 
BrC6H4CH2CH2OH), 3.84 (q, 3JHH = 6.06 Hz, 2 H, BrC6H4CH2CH2OH), 7.11 (d, 3JHH = 8.63 Hz, 
2 H, C6H4), 7.43 (d, 3JHH = 8.63 Hz, 2 H, C6H4). 13C{1H} NMR (150 MHz, CDCl3): δ 38.55 
(C6H4CH2CH2OH), 63.40 (C6H4CH2CH2OH), 120.34 (C6H4CH2CH2OH), 130.78 
(C6H4CH2CH2OH), 131.64 (C6H4CH2CH2OH), 137.57 (C6H4CH2CH2OH).  
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Figure S18. Solution-state 1H NMR spectrum of 2-(4-bromophenyl)ethan-1-ol chloroform-d, 
isolated from hydroboration of 2-(4-bromophenyl)oxirane catalyzed by 1@MSN700. 
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Figure S19. Solution-state 13C{1H} NMR spectrum of 2-(4-bromophenyl)ethan-1-ol in 
chloroform-d, isolated from hydroboration of 2-(4-bromophenyl)oxirane catalyzed by 1@MSN700. 
 
2-(4-chlorophenyl)ethan-1-ol. 4-Chlorostyrene oxide (0.310 g, 2 mmol) and HBpin (2.5 mmol) 
were allowed to react, catalyzed by 1@MSN550, at room temperature for 1 d. 2-(4-
chlorophenyl)ethan-1-ol was isolated by column chromatography in excellent yield (0.288 g, 1.8 
mmol, 92%).6 
 
1H NMR (600 MHz, CDCl3): δ 1.38 (br, 1 H, BrC6H4CH2CH2OH), 2.84 (t, 3JHH = 6.5 Hz, 2 H, 
ClC6H4CH2CH2OH), 3.84 (q, 3JHH = 6.40 Hz, 2 H, ClC6H4CH2CH2OH), 7.16 (m, 2 H, C6H4), 7.28 
(m, 2 H, C6H4). 13C{1H} NMR (150 MHz, CDCl3): δ 38.50 (C6H4CH2CH2OH), 63.48 
(C6H4CH2CH2OH), 128.69 (C6H4CH2CH2OH), 130.37 (C6H4CH2CH2OH), 132.32 
(C6H4CH2CH2OH), 137.04 (C6H4CH2CH2OH).  
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Figure S20. Solution-state 1H NMR spectrum of 2-(4-chlorophenyl)ethan-1-ol in chloroform-d, 
isolated from hydroboration of 2-(4-chlorophenyl)oxirane catalyzed by 1@MSN700. 
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Figure S21. Solution-state 13C{1H} NMR spectrum of 2-(4-chlorophenyl)ethan-1-ol in 
chloroform-d, isolated from hydroboration of 2-(4-chlorophenyl)oxirane catalyzed by 1@MSN700. 
 
1-phenylpropan-2-ol. (2S,3S)-2-methyl-3-phenyloxirane (0.268 g, 2 mmol) and HBpin (2.5 
mmol) were allowed to react, catalyzed by 1@MSN700, at room temperature for 1 d. 1-
phenylpropan-2-ol was isolated by column chromatography in good yield (0.212 g, 1.5 mmol, 
78%).7 
 
1H NMR (600 MHz, CDCl3): δ 1.24 (d, 3JHH = 6.46 Hz, 3 H, PhCH2CHOHCH3), 1.56 (b, 1 H, 
PhCH2CHOHCH3), 2.82-2.67 (m, 2 H, PhCH2CHOHCH3), 4.02 (m, 1 H, PhCH2CHOHCH3), 
7.24-7.21 (m, 3 H, C6H5), 7.34-7.30 (m, 2 H, C6H5). 13C{1H} NMR (150 MHz, CDCl3): δ 22.82 
(PhCH2CHOHCH3), 45.82 (PhCH2CHOHCH3), 68.90 (PhCH2CHOHCH3), 126.52 (C6H5), 
128.58 (C6H5), 129.42 (C6H5), 138.54 (C6H5). 
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Figure S22. Solution-state 1H NMR spectrum of 1-phenylpropan-2-ol in chloroform-d, isolated 
from hydroboration of (2S,3S)-2-methyl-3-phenyloxirane catalyzed by 1@MSN700. 
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Figure S23. Solution-state 13C{1H} NMR spectrum of 1-phenylpropan-2-ol in chloroform-d, 
isolated from hydroboration of (2S,3S)-2-methyl-3-phenyloxirane catalyzed by 1@MSN700. 
 
1-phenoxypropan-2-ol. 2-(phenoxymethyl)oxirane (0.300 g, 2 mmol) and HBpin (2.5 mmol) 
were allowed to react, catalyzed by 1@MSN700, at room temperature for 1 d. 1-phenoxypropan-2-
ol was isolated by column chromatography in good yield (0.261 g, 1.7 mmol, 86%).8 
 
1H NMR (600 MHz, CDCl3): δ 1.28 (d, 3JHH = 6.40 Hz, 3 H, C6H5OCH2CHOHCH3), 2.38 (b, 1 H, 
C6H5OCH2CHOHCH3), 3.82-3.78 (m, 1 H, C6H5OCH2CHOHCH3), 3.96-3.93 (m, 1 H, 
C6H5OCH2CHOHCH3), 4.20 (m, 1 H, C6H5OCH2CHOHCH3), 6.99-6.91 (m, 3 H, C6H5), 7.32-
7.28 (m, 3 H, C6H5). 13C{1H} NMR (150 MHz, CDCl3): δ 18.75 (C6H5OCH2CHOHCH3), 66.30 
(C6H5OCH2CHOHCH3), 73.23 (C6H5OCH2CHOHCH3), 114.58 (C6H5), 121.15 (C6H5), 129.55 
(C6H5), 158.57 (C6H5).  
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Figure S24. Solution-state 1H NMR spectrum of 1-phenoxypropan-2-ol in chloroform-d, isolated 
from hydroboration of 2-(phenoxymethyl)oxirane catalyzed by 1@MSN700. 
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Figure S25. Solution-state 13C{1H} NMR spectrum of 1-phenoxypropan-2-ol in chloroform-d, 
isolated from hydroboration of 2-(phenoxymethyl)oxirane catalyzed by 1@MSN700. 
 
Procedure for Recycling Experiments 
Styrene oxide (0.30 g, 2.5 mmol) and HBpin (0.48 g, 3.75 mmol) was dissolved in benzene-d6 (10 
mL) containing tetrakis(trimethylsilyl)silane (Si(SiMe3)4, 0.1 M) as a stock solution for each 
recycling experiment. In the first cycle, 1@MSN700 (0.040 g, 0.010 mmol La) and 1 mL of the 
stock solution was stirred at room temperature in a glove box for 5 h. The reaction mixture was 
centrifuged to separate the solid catalyst from solution phase reactants and products. A portion of 
the solution phase of the reaction mixture (0.6 mL) was analyzed by 1H NMR spectroscopy to 
determine the conversion and product yield after the specified 5 h reaction time. The used catalytic 
material 1@MSN700 was washed with pentane (3 × 5 mL) to remove residual reactants and 
products and then was dried under reduced pressure for 12 h. This recycled solid material was used 
in the next catalytic reaction in the same manner (new portion of the same stock solution, 5 h 
reaction time, room temperature, followed by separation in a centrifuge and analysis). This 
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recycling of the spent catalyst was repeated for five cycles to assess the catalytic competence of 
used materials. We have performed the recycling experiments using two batches of catalysts and 
found consistent results across the two sets of experiments. 










0 0.083 0.10 55 
1 0.082 0.09 52 
2 0.082 0.09 52 
3 0.080 0.09 53 
4 0.18 0.05 22 
5 0.18 0.05 22 
a 5 h reaction time. 
 










0 0.069 0.086 55 
1 0.087 0.086 50 
2 0.082 0.078 49 
3 0.091 0.084 48 
4 0.11 0.040 27 
5 0.11 0.040 27 
a 5 h reaction time. 
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